CO 2 emissions resulting from human activities are relatively higher concentrations that disrupt the equilibrium system in the air and ultimately damage the environment and human well-being. One environmentally friendly solution for CO 2 gas removal is to use microalgae (Chlorella sp.). Chlorella sp. in photobioreactors has the ability to biofixate CO 2 gas. Chlorella sp. was chosen because of the most numerous in freshwater and seawater. The purpose of this study was to determine the kinetic model of the effect of adding substrate concentrations and flow rate variations on the growth and development rates of Chlorella sp. due to exposure to pure CO 2 gas emissions. This study uses pure CO 2 gas with a flow rate of 0.02 L/min, 0.04 L/min, 0.06 L/min, 0.08 L/min, 0.1 L/min and a substrate of 350 mg/L, 500 mg/L, 650 mg/L, 800 mg/L, 950 mg/L on a laboratory scale. The results showed that the most optimum growth rate occurred at the addition of substrate concentrations of 800 mg/L with a flow rate of 0.08 L/min.
INTRODUCTION
The phenomenon of global warming is characterized by a gradual rise in the average temperature of the earth. Temperature changes occur in the long run slowly, but over time will be felt and have a big effect. Increased global warming due to air pollution by high CO 2 . Where carbon dioxide is a colorless gas found in the atmosphere with amounts reaching 330 ppm and most comes from burning fossil fuels. 1 Research began in the 90s in anticipation of increasing flue gas globally directed to find solutions, one of which was carried out using cyanobacteria and microalgae biological activity because of its reliability in fixing CO 2 through photosynthesis reactions with the help of light energy. 2 Microalgae-based CO 2 fixation technology that has been widely developed is photobioreactor technology. 3 Photosynthesis is generally defined as the process of forming new chemical compounds using light energy consisting of light and dark reactions. During the light reaction, the light energy is captured, whereas in the dark reaction that is the energy used to capture CO 2 from the air. Microalgae is the most efficient plant in capturing, utilizing solar energy, and CO 2 for photosynthesis purposes. 4 Microalgae are single-celled microscopic plants that can absorb CO 2 in an effort to reduce concentrations of CO 2 in the air. 5 Carbon dioxide through the process of photosynthesis with the help of sunlight is converted into oxygen, so that the amount of carbon dioxide that enters the system will be reduced when it exits the microalgae system. Green cells such as leaves that contain lots of chlorophyll which are used by algae to capture light to synthesize carbon sourced from carbon dioxide (CO 2 ). Microalgae can fix CO 2 (10 -50) times more efficient compared to plants. 6 Microalgae breeding to obtain high cell density is carried out in microalgae biotechnology with optimal reactor designs and processes. 7 Chlorella sp. including one group of green algae which have a structure similar to plants, one of which is a cell wall composed of cellulose. In this study, Chlorella sp. used because it is able to fix CO 2 , rapid growth rate, as well as the production of biomass produced, is very beneficial for life. 8 Microbial growth is characterized by an increase in microbial cells due to the availability of nutrients. In the previous studies 2 , to predict the relationship between the growth of Chlorella Vulgaris Buitenzorgwith the substrate in the media is using a general equation model, one of which is the Monod equation model. Microbial growth can be measured by looking at the increase in biomass or the number of cells usually following a certain growth pattern in the form of a sigmoid growth curve (monod model). In order to investigate the mechanism of sorption and potential controlling steps such as mass transport, several kinetic models were tested including the pseudo-first-order kinetic model, the Elovich model and the pseudo-second-order kinetic model for a batch contact time process 9 , but the monod equation is simpler and is commonly used with the relationship of growth rate and substrate concentration. 10 Kinetic studies are needed to describe the efficacy of biosorption. It is necessary to recognize the mechanism of biosorption. 11 Therefore this study was conducted to determine the removal of CO 2 gas by microalgae (Chlorella sp.) Using photobioreactor technology with the Monod equation model to determine the optimal CO 2 absorption in microalgae (Chlorella sp.).
KINETICS

EXPERIMENTAL
This research was to determine the kinetic model of the effect of adding substrate concentrations and flow rate variations on the growth and development rates of Chlorella sp. due to exposure to pure CO 2 gas emissions. The reactor used is a closed container with a diameter of 12 cm and a height of 18 cm with a volume of 2 liters, then the reactor is placed on a stacked 5 rack. The reactor that contains microalgae is supplied with CO 2 gas with a predetermined CO 2 flow rate for approximately 8 hours.
The running process is carried out when the reactor is ready and running based on the algal life cycle. At the time of running, algae are expected to be in a homogeneous condition. Sampling is conducted every hour during the CO 2 exposure process. After that, chlorophyll-a testing was done using a spectrophotometer to determine the biomass of microalgae in the reactor. During the running process, the reactor must be closed so that the reactor is not contaminated by external light or other foreign matter.
RESULTS AND DISCUSSION
Growth Rate (µ)
The specific growth rate values (µ) (day -1 ) is obtained in Table- 1. The table above shows that the highest coefficient of the linear regression is at the variation of flow rate 0.08 L/min for substrate concentration800 mg/L, while the lowest coefficient value is at the variation of flow rate 0.06 L/min for substrate concentration350 mg/L. Low µ values indicate slow microalgae growth, but low coefficient values can be influenced by cell density and differences in observation time. 12 Fluctuations in the curve can also be caused by the sampling time of each reactor so that the growth phases are not well observed. At the addition of a large substrate concentration of 950 mg/L can not produce a high growth rate, this can be due to the substrate concentration can be an inhibitor for microorganisms.
Growth Yield / Y Growth
Yield coefficient (Y) is the ratio of the amount of biomass production and the amount of substrate concentration used. 13 the results of Growth Yield (Y) can be obtained (Fig.-1) by knowing the straight-line equation with the formed slope line is the Y value as shown in Table- 2. The results showed that the greater the CO 2 flow rates (from 0.02 L/min to 0.08 L/min), there was an increase in the value of growth yield (Y) which reached 0,0001 to 0,0003. This indicates that the time of CO 2 exposure of 0.08 L/min, there was a large conversion of new cells with an increase in chlorophyll-a concentration in algae. However, at the highest flow rate of 0.1 L/min has a small Y coefficient value which is 0.00004. This is due to the excessive concentration of gas which can be a barrier for algal growth.
Yield values indicate the amount of organic material that is converted into new cells. 14 The greater the flow rate used, the smaller the coefficient of Y. A high Y value does not always indicate a better concentration of degradability because there are other factors that control the kinetics of biodegradation, including enzyme activity and initial substrate concentration 11 .
Saturation Constants (Ks) and Maximum Growth Rate (µmax)
Ks value indicates the substrate concentration which has saturated with the growth of microorganisms. The value of Ks depends on the type of microorganisms and the type of substrate used. The maximum growth rate (µmax) is the maximum value of the growth rate at the peak point in the exponential phase Table 3 shows that the optimum of µmax coefficients and Ks coefficients found in the CO 2 flow rate of 0.08 L/min, which are 0.403 and 1321.171. That is because the substrate is in maximum concentration and the growth of microalgae will experience saturation. At a flow rate of 0.1 L/min, it can be seen that the coefficient µmax and the Ks coefficient have decreased by 0.348 and 856.983. This shows that microalgae are experiencing burnout and are in a phase of decay. The greater the coefficient values of µmax and Ks indicate the concentration of the substrate will experience saturation of the growth of microalgae. Ks shows the saturation of substrate concentration on biomass growth. 15 However (ks) was unaffected by ionic strength since the reaction is taking place between charged and uncharged species. 16 Based on the specific growth kinetics coefficient (µ), Growth Yield (Y), saturation constant (Ks) and maximum growth rate (µmax) show the consistency that the CO 2 flow rate of 0.08 mg/L shows the optimal coefficient value in the growth of microalgae Chlorella sp the CO 2 absorption process.
CONCLUSION
From the results of the research and discussion that has been described, it can be concluded that the time of exposure to CO 2 gas with each variation of CO 2 flow rate and the addition of substrate concentrations affect the growth of Chlorella sp. with different growth phases, but the provision of high concentrations of CO 2 exposure and high substrate concentrations can be a barrier to the growth of the algae. The most optimum value of chlorophyll-a concentration occurs at the addition of a substrate concentration of 800 mg/L with a flow rate of 0.08 L/min. Basically, the kinetic model parameters show the increasing growth rate of Chlorella sp. in removing CO 2 gas. Optimum CO 2 removal conditions are found at a flow rate of 0.08 L/min and substrate concentrations of 800 mg/L which have optimal coefficients of µ, Y, Ks, and µmax as well. ACKNOWLEDGMENT The financial support provided to this research by Research and Community Service Centre of University Pembangunan Nasional Veteran Jawa Timur(RCSC-UPN Veteran Jawa Timur), Indonesia (Contract No. SPP/95/UN.63.8/LT/V/2019) is greatly appreciated.
